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Ecological Indicators

Environmental Monitoring and 
Assessment Program (EMAP)

Goal: Address the question, “What 
can our agencies and institutions 
do together to begin to reverse the 
trend of seagrass loss in the 
GOM?”





Objectives

1) Develop a conceptual ecological model and 
identify indicators used to assess seagrass
ecosystem condition.

1) Identify metrics for each indicator and set metric 
ratings and assessment points.

1) Evaluate seagrass ecosystem health in Texas by 
applying these “thresholds” using indicators 
collected by the Texas Seagrass Monitoring 
Program (Tier 2).



Conceptual Ecological Model (CEM) 
and Indicator Development



Indicator Monitoring Catalog
Submerged Aquatic Vegetation

ID Name Program_Website Summary Parameters

576

NPS Gulf Coast Inventory 
and Monitoring 
Program: Padre Island 
National Seashore 
Seagrass Monitoring

http://science.natur
e.nps.gov/im/units/
guln/monitor/seagr
ass.cfm

Seagrass 
community 
ecology, water 
quality

Seagrass species composition, canopy 
height, percent coverage, temperature, pH, 
dissolved oxygen, salinity, turbidity, 
chlorophyll, transparency (secchi depth)

577
Texas Seagrass 
Monitoring Program

http://texasseagrass
.org/

Seagrass cover 
and distribution, 
water quality

Aerial cover/distribution, species 
composition, areal coverage, percent cover, 
water depth, conductivity, temperature, 
salinity, dissolved oxygen, chlorophyll 
fluorescence, pH, nutrient availability (tissue 
carbon, nitrogen, phosphorus content), total 
suspended solids, transparency

578

Alabama Coastal Area 
Management Program's 
Submerged Aquatic 
Vegetation Mapping

http://www.mobile
baynep.com/library

Seagrass status 
and trends 
mapping

Distribution, percent cover, species 
composition, acreage
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Infrastructure/ 
Development

Water Quality

Soil PhysicochemistryTransparency
Phytoplankton biomass

Sediment load

Abundance

Cover
Areal extent

Current and Wave Energy
Erosion

Disturbance
Storms

Drought
Flooding

Recreational 
Activities

Boating 
impacts

SLR

Geomorphologic setting
Vertical relief

Sediment depth

Climate Cycles
AMO, AWP, 

ENSO

Temperature
SST

Climatic and Physical Drivers

Morphology Chemical Constituents

Nutrient content
Stable isotope ratios

Biogeochemical 
Cycling

Carbon and nutrient 
sequestration

1° Production

2° Production

Plant Community Structure

Seagrass species composition

Precipitation
Salinity

Scallop 
abundance

Agriculture

Aquaculture

Fisheries

Shoot allometry



Development of metric ratings 
and assessment points

Good

Fair

Poor



Major Ecological 
Factor

Key Ecological 
Attribute

Indicator Metric Measure
Assessment 

Points

Ecosystem 
Structure

Abundance Cover Percent cover
(% change yr-1)

Braun-Blanquet Cover 
Abundance or % cover

CEM      Assessment Points Process

Natural Drivers
Anthropogenic 

Drivers

* for > 50% seagrass cover



Good

Fair

Poor

0 – 25%

< 25%

> 25%

Percent cover
(% change  yr-1)

Major 
Ecological 

Factors

Key 
Ecological 
Attributes

Indicator Metric Measure

RATING

Assessment 
Points

Goal for All Indicators

* for > 50% seagrass cover





Indicator and metric application



NERR

CCB

ULM

LLM



Good

Fair

Poor

RATING

< 15

15 - 25

> 25

TSS
(mg L-1)

Indicator

Sediment Load

NERR Good

Fair

www.texasseagrass.org

Good

Good

CCB

ULM

LLM

14.8

13.6

18.7

12.7



LOCATION

Indicator Metric NERR CCB ULM LLM

Transparency % SI

Phytoplankton biomass Chlorophyll a

Sediment load Total suspended solids

Cover Percent cover 

Seagrass species composition Species Dominance Index

Nutrient content Nutrient Limitation Index

Stable isotope ratios δ13C and δ15N 

Shoot allometry Leaf length 

Shoot allometry Leaf width -- -- -- --

Areal extent Areal extent -- -- -- --

Scallop abundance Scallop density -- -- -- --

5 -0.5 -12 -25

-5 17 -3 13

-34 17 7 -13

78 69 73 78

2.8 6.0 3.5 4.5

14.8 13.6 18.7 12.7

-2.2/0.4 -1.2/-0.1 -0.1/0.2 -0.1/0.7

-0.41 0.10 -0.17 -0.04



Conclusions

• Measures/Metrics are 
repeatable, applicable at 
multiple scales, and currently 
collected in the Gulf

www.texasseagrass.org

Courtesy of Florida Fish and Wildlife Conservation Commission 

• Resource managers can assess 
seagrass ecosystem condition 
using a suite of metrics

• Red-yellow-green = easy 
format for outreach and 
awareness
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Ecosystem Services (ES)
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Indicators:
Transparency

Metric: % SI Metric: TSS

Sediment Load

Good

Fair

Poor

> 30%

20 – 30%

< 20%

Good

Fair

Poor

< 15 mg L-1

15 – 25 mg L-1

> 25 mg L-1



Clastic sediments Carbonate sediments

Good

Fair

Poor

0 – 10.0 μg L-1

10.0 – 25.0 μg L-1

> 25.0 μg L-1

Good

Fair

Poor

0 – 1.0 μg L-1

1.0 – 3.0 μg L-1

> 3.0 μg L-1

Indicator: Phytoplankton biomass
Metric: Chl a



Indicators:
Change in Areal Extent

Metric: Areal extent Metric: Sp. Dominance Index

Seagrass species 
composition

Good

Fair

Poor

0 – 25%

< 25% 

> 25% 

Good

Fair

Poor

No change or 

< 0.25 ratio decrease

> 0.25 ratio decrease



% cover > 50% % cover < 50%

Good

Fair

Poor

0 – 25%

< 25%

> 25%

Good

Poor

< 10%

> 10%  

Indicator: Change in cover
Metric: Percent cover



Indicators:
Nutrient content

Metric: Nutrient 
Limitation Index

Metric: δ13C, δ15N 

Stable Isotope ratios

Good

Fair

Poor

0 to ±1 

±1 to 2.5

> ±2.5

Good

Fair

Poor

< 0.5‰ 

0.5 to 1.0‰ 

> 1.0‰ 



Indicators:
Shoot allometry

Metrics: Shoot leaf length, 
leaf width

Metric: Scallop density

Scallop abundance

Good

Fair

Poor

Good

Fair

Poor

> 0.4 indiv m-2

0.1 – 0.4 indiv m-2

< 0.01 indiv m-2

< 10%

10 – 25%

> 25%



Questions?


